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To whom reprint requests should be addressed; e-mail address: brian_whipker@ncsu.edu W hen narcissus are grown in pots, a common problem encountered by growers is excessive plant height (Briggs, 1975; Moe, 1980) . Typically, taller cultivars are grown in 6-inch-diameter pots and shorter cultivars are grown in 4-inch-diameter pots. Optimal height for plants grown in 6-inch pots at the "pencil" stage should be 10 to 12 inches tall; however, cultivars grown in 4-inch pots at the same stage should be shorter (De Hertogh, 1996) . Plant growth regulators can be used to produce plants at the appropriate height. Ethephon is commonly used as a foliar spray at concentrations of 1000 to 2000 mg·L -1 when the leaves and fl oral stalks are 3 to 4 inches tall (De Hertogh, 1996; Kamp and De Hertogh, 1986) . Paclobutrazol (Bonzi; Syngenta, Greensboro, N.C.) label recommendations include drench applications of 1.2 to 2.4 mg/pot a.i. 1 to 5 d after removal from the cooler, or a 1-h preplant soak at a concentration of 80 mg·L -1 ; however, it has been reported that paclobutrazol is only marginally effective in controlling height (Adriansen, 1985) . Bulb crops are listed on the uniconazole (Sumagic; Valent USA, Marysville, Ohio) label; however, for narcissus no specifi c recommendations are given, and it has been reported to have limited effectiveness (W.B. Miller, personal communication) . Flurprimidol (Topfl or; SePRO Corp., Carmel, Ind.) has been available in Europe for more than 20 years as a 1.47% concentration and is being introduced into the U.S. market as a 0.38% concentration.
These experiments were conducted to determine the effi cacy of fl urprimidol (0.38%) applied as a substrate drench compared to paclobutrazol substrate drenches and ethephon foliar sprays on 'Tete a Tete' narcissus. The optimum concentration for fl urprimidol preplant bulb soaks on 'Tete a Tete', 'Dutch Master', and 'Sweetness' narcissus were investigated as well as optimum concentrations of paclobutrazol on 'Tete a Tete' and 'Dutch Master' as preplant bulb soaks. fl urprimidol (0.38%) at 10, 15, 20, 25, 30, 35, or 40 mg·L -1 . Tap water was used to mix the soak solution at a temperature of 64 °F. Untreated controls were also included. The 'Tete a Tete' bulbs were allowed to air dry and were planted, two bulbs per pot, in 4-inch-diameter round plastic pots with a volume of 575 mL on the day of treatment. Narcissus 'Dutch Master' bulbs were also allowed to air dry and were planted, two bulbs per pot, in 6-inch-diameter round plastic pots with a volume of 1.9 L. The root substrate was Berger BM 6. The experiment was a completely randomized design with six single-pot replications for each of the eight treatments. For 10 weeks the cooler temperature set point was 41 °F. DATA ANALYSIS. Data were tested by analysis of variance (ANOVA) using general linear model (SAS Institute, Cary, N.C.) and means were separated by least signifi cant differences (LSD) at P ≤ 0.05. Plant heights at the end of forcing were regressed using PROC REG to determine the best-fi t, linear or quadratic models. Terms of the model were evaluated for signifi cance based on comparison of F values at ∝ = 0.05. PROC NLIN in SAS, as modifi ed by Cox (1992) , was used to calculate linear-plateau functions (model IV) relating postharvest plant height to ethephon, fl urprimidol, and paclobutrazol concentrations. The quadratic and the linear-plateau models were compared to determine the best fi t based on r 2 values. Results and discussion EXPT. 1. Plant height of 'Tete a Tete' narcissus during greenhouse forcing was not controlled with ethephon foliar sprays at any concentration used (Fig. 1A) . At the end of the postharvest evaluation, the response of 'Tete a Tete' narcissus plants to ethephon foliar sprays was best fi t to a linearplateau model in which the smallest plants (25.7 cm tall) occurred with sprays of 1518.4 mg·L -1 (Fig. 1A) . Hertogh (1996) to maintain a marketable plant height.
Methods and materials
Flurprimidol substrate drenches did not signifi cantly (P ≤ 0.05) control plant height at any concentration trialed during greenhouse forcing (Fig.  1B) . At the end of the postharvest evaluation, the response of 'Tete a Tete' narcissus plants to fl urprimidol substrate drenches was best fi t to a linear-plateau model in which the smallest plants (27.6 cm tall) resulted from drenches of 0.69 mg/pot a.i. (Fig.  1B) . No further increases in height control occurred at higher concentrations. Plants treated with 0.69 mg/pot a.i. fl urprimidol were 15% shorter than the untreated control. Flurprimidol substrate drenches did not delay anthesis at any concentration trialed (data not shown). Based on these results, fl urprimidol at concentration of 0.69 mg/pot a.i. can be used as a substrate drench by growers who want to control postharvest stem stretch of 'Tete a Tete' narcissus grown in 4-inch pots.
Paclobutrazol substrate drenches did not control plant height at any concentration trialed during greenhouse forcing (Fig. 1C) . Postharvest stem stretch of 'Tete a Tete' narcissus plants was controlled by paclobutrazol substrate drenches at a concentration of 2 mg/pot a.i. This resulted in plants 26.1 cm tall, which were 19% shorter than the untreated control (Fig. 1C) . No concentration of paclobutrazol substrate drenches delayed anthesis (data not shown). Paclobutrazol substrate drenches of 2 mg/pot a.i. were within the 1.2 to 2.4 mg/pot a.i. listed on the paclobutrazol label.
EXPT. 2.
Flurprimidol preplant bulb soaks signifi cantly (P ≤ 0.05) controlled 'Tete a Tete' and 'Dutch Master' plant height during greenhouse forcing at concentrations ≥25 mg·L -1 , which resulted in plants ≥19% and ≥14% shorter than the untreated control, respectively ( Fig. 2A-B , respectively. These concentrations resulted in 'Tete a Tete' plants that were ≥15% shorter and 'Dutch Master' plants ≥18% shorter than the untreated control ( Fig. 2A-B (Fig. 3A) . At concentrations ≥150 mg·L -1 , anthesis was delayed by 0.5 d (P ≤ 0.05), which would not be considered excessive by commercial standards. Based on linear plateau analysis, the use of ≥202.8 mg·L -1 of paclobutrazol resulted in 'Tete a Tete' plants that were 18.6 cm tall at the end of the postharvest evaluation (Fig 3A) . These plants were 47% shorter than the untreated control. No further increases in control occurred at higher concentrations. Although Expt. 3) (1 cm = 0.3937 inch) .
• January-March 2006 16(1) the greatest control was provided by a concentration of 202.8 mg·L -1 , this would be considered excessive by commercial standards. A concentration of 75 mg . L -1 would be considered commercially acceptable, which resulted in plants 17% shorter than the untreated control.
Paclobutrazol preplant bulb soaks controlled 'Dutch Master' narcissus plant height during greenhouse forcing at concentrations ≥75 mg·L -1 , resulting in plants at least 11% shorter than the untreated control (Fig. 3B ). All concentrations with the exception of 150 mg·L -1 delayed anthesis by 1 to 1.5 d, (P ≤ 0.05), which would not be considered excessive by commercial standards. At the end of the postharvest evaluation, plants treated with concentrations ≥213.2 mg·L -1 were 30.0 cm tall (33% shorter than the untreated control) (Fig. 3B) . No further increases in control occurred at higher concentrations. The control provided by 213.2 mg·L -1 would be considered excessive by commercial standards. Based on regression analysis, a concentration of 100 mg·L -1 resulted in plants 37.9 cm tall (16% shorter than the untreated control) and would be considered commercially acceptable.
The paclobutrazol (Bonzi) label recommended an 80 mg·L -1 bulb soak for 1 h; however, our recommendation of 100 mg·L -1 required only a 2-min soak time. It is unclear why a lower rate was recommended with the longer soak time. Varying soak time for 2 to 40 min with fl urprimidol was reported to have no effect on the plant height of hyacinth (Hyacinthus orientalis) (Krug, 2004) . The shorter soak time would be benefi cial in saving labor costs during the soak process.
Flurprimidol preplant bulb soaks controlled 'Sweetness' narcissus plant height during greenhouse forcing at concentrations ≥37.5 mg·L -1 , resulting in plants at least 15% shorter than untreated controls (Fig. 3C) . No delay of anthesis was caused by any concentration trialed (data not shown). At the end of the postharvest evaluation, plants treated with a concentration ≥25 mg·L -1 were signifi cantly shorter than the untreated control (P ≤ 0.05); however, a concentration of 37.5 mg·L -1 resulted in plants that were commercially acceptable (17% shorter than the untreated control).
Conclusions
'Tete a Tete' plant height was not controlled by ethephon foliar sprays, fl urprimidol substrate drenches, or paclobutrazol substrate drenches during greenhouse forcing. Only preplant bulb soaks of fl urprimidol and paclobutrazol were effective in providing shorter 'Tete a Tete' and 'Dutch Master' plants in the greenhouse. However, height control is often not a concern for commercial producers during greenhouse forcing, as the plants are shipped to consumers before stem elongation occurs (De Hertogh, 1996) .
Control of postharvest stem stretch is of a greater concern to prevent unsightly stem elongation during marketing and to improve postharvest quality for consumers. Ideally, plants treated with PGRs should be at least 15% to 20% shorter than the untreated control at postharvest evaluation (T. Harger, personal communication). To provide postharvest control with 'Tete a Tete', a preplant soak of fl urprimidol (25 mg·L -1 ) or paclobutrazol (75 mg·L -1 ) can be used. Substrate drenches of fl urprimidol (0.69 mg/pot a.i.) or paclobutrazol (2 mg/pot a.i.) provided adequate control, as well as a foliar spray of ethephon (1518.4 mg·L -1 ). Preplant bulb soaks of fl urprimidol (20 mg·L -1 ) or paclobutrazol (100 mg·L -1 ) can be used to obtain 'Dutch Master' plants that are 15% to 20% shorter than the untreated control at postharvest evaluation. Flurprimidol preplant bulb soaks (37.5 mg·L -1 ) can also be used to obtain commercially acceptable 'Sweetness' plants.
The responses of 'Tete a Tete', 'Dutch Master', and 'Sweetness' vary for fl urprimidol as a preplant bulb soak. 'Tete a Tete' and 'Dutch Master' responses also vary for preplant bulb soaks of paclobutrazol. Cultivar response variation to PGRs has also been reported with sunfl ower (Helianthus annuus) (Whipker and McCall, 2000) , hyacinth, and tulip (Tulipa spp.) cultivars (Krug, 2004) . Therefore, growers should conduct on-site trials to determine the optimal concentrations for other narcissus cultivars.
